Two hundred forty pyridazinamine derivatives were tested for the ability to stabilize the antigenicity and infectivity of oral poliovirus vaccine subjected to 45°C for 2 h. Seven compounds stabilized the antigenicity of all three vaccine strains and neutralized the viral particles in a way that is reversible by dilution. Of these, R 77975 (pirodavir) was selected for vaccine potency tests. Sabin type 2 and type 3 strains were subjected to 4, 25, 42, and 45°C for 1 week in the presence and absence of R 77975. Although R 77975 particularly stabilized the infectivity of the most thermolabile vaccine strain (Sabin type 3), the protection did not exceed that of 1 M MgCl2. When virus was inactivated in the absence of R 77975, the native or N antigenicity changed in H antigenicity. However, in the presence of the capsid-binding compound, N antigenicity was preserved in particles that had lost infectivity.
A number of structurally unrelated antipicornavirus compounds were developed with one common characteristic: they all exert an antiviral activity by direct interaction with the proteins of the viral capsid and thus are commonly known as capsid-binding compounds. Among these are flavans and chalcones (4, 7) as well as several pyridines (8) , isoxazoles (10, 15) , and pyridazine derivatives (1, 3) . For most of these compounds, it has been shown, directly or indirectly, that they bind into the same hydrophobic pocket located at the base of the canyon, within the P barrel of the capsid protein VP1 (2, 5, 12) .
The strength of the binding of capsid-binding compounds to susceptible serotypes depends on serotype, drug type and concentration, and time (1) . Binding results in a neutralization of the viral infectivity and an inhibition of viral replication. With some serotypes, the neutralization is completely reversible by dilution. With others, the binding is stronger and the neutralization of the viral infectivity can be reversed only by organic solvent extraction, as is the case with neutralization by antibodies (13) . With a third group of viruses, the binding results in a neutralization that is not reversible by organic solvent extraction (3) .
Binding of capsid-binding compounds to viral particles may also result in a partial stabilization of viral infectivity (reviewed in reference 2) and antigenic character. The infectivity of susceptible picornaviruses can be protected against inactivation by heat or mild acidification (in the case of rhinoviruses). The minimal concentrations required to prevent either acetate or citrate or heat inactivation do not appear to be correlated with the MIC50s, suggesting that inhibition of replication and stabilization are independent events, both resulting from the binding of the drug to the viral capsid (2, 3, 11) .
We recently established that the native antigenic character of polioviruses and rhinoviruses can also be stabilized by capsid-binding compounds (9, 11 The aim of this work was to investigate the possible use of one or more of these compounds in the improvement of the thermostability of live oral poliovirus vaccine. To be useful, the antigenicity and the infectivity of the viral particles have to be protected against inactivation by heat. Thus, the minimal concentration needed for stabilization should be lower than the concentration having an effect on viral replication and infectivity. Alternatively, the neutralization of the viral particles by the antiviral molecules has to be fully reversible, so that viral particles that are neutralized by the stabilizer regain their infectivity upon dilution of the stabilizer in the gastrointestinal tract.
Since heat treatment of poliovirus was known to cause a parallel loss of antigenicity and infectivity (6), antigenicity determinations were initially thought to represent an easy alternative to the virus titrations involved in the estimation of biological inactivation. Therefore, a selection of 240 pyridazinamine derivatives was initially tested for the ability to reduce the loss of the N antigenicity of radiolabelled Sabin type 2 virus. Monovalent virus stocks of the commercially available Sabin vaccine (kindly provided by Smith Kline Beecham) were used as seed to produce virus stocks in HeLa cells in one or two additional passages. A protein A-aided microimmunoprecipitation technique was used to estimate the loss of N antigenicity and the simultaneous increase in H antigenicity of radioactively labelled virions after heating in the presence or absence of the antiviral compounds (11, 14) . Briefly, stock solutions (10 mg/ml) of compounds were made in dimethyl sulfoxide, serially diluted in phosphate-buffered saline (PBS) (137 mM NaCl-2.7 mM KCl-9.5 mM sodium phosphate, [pH 7.2] supplemented with 0.1% bovine serum albumin), and mixed with radiolabelled virus. After incubation of the mixture for 2 h at 45°C, the MSC50, defined as the concentration of compound required to protect 50% of the virus against thermodenaturation, was determined. (Fig. 1) .
As we had to proceed with compounds that stabilized the oral poliovirus vaccine strains at concentrations that are higher than the concentrations having an effect on viral infectivity, the effect on the viral infectivity would have to be reversible by dilution to be useful as an adjuvant to oral poliovirus vaccine. The reversibility of the virus neutralizing effect on the three poliovirus serotypes was studied by using previously described methods (3). High-titered virus samples that were treated with compound and found to have a lower virus titer than the untreated controls were considered to contain virus, neutralized by the compound, in a way irreversible by dilution.
Twelve of the nineteen compounds neutralized one or more of the three Sabin strains in a way that was irreversible by dilution ( Table 1 ). The reversibility of the binding was unpredictable. For instance, R 78206 bound irreversibly to poliovirus serotypes 2 and 3 (resulting in a loss of infectivity of about 2 log1o). In contrast, the binding of R 77975 was fully reversible, despite the fact that these two molecules are close chemical analogs (Fig. 2) .
R 77975 (pirodavir) was finally selected for further study, as it stabilized the three Sabin strains as well as the other remaining compounds did and because it is currently undergoing active clinical trials. The ability of R 77975 to stabilize the infectivity and antigenicity of Sabin types 2 and 3 was tested upon incubation of virus-drug mixtures for 2 h, 1 day, 3 days, 5 days, and 1 week at 4, 25, 42, and 45°C. Virus pools (monovalent bulk vaccine passaged once in HeLa cells) at approximately 1070 infectious units per ml in PBS including 2% fetal calf serum and 0.1% Tween 80 were mixed with either 10 ,ug of R 77975 per ml (the maximal soluble concentration in an aqueous solution) or 1 M MgCl2 or PBS and then incubated for 1 h to allow for optimal drug binding. Samples were then incubated in tightly stoppered plastic vials and immersed for 1 week in a water bath at the appropriate temperature. Samples from the same vials were evaluated by both antigenicity assays and infectivity assays. The infectivity assay was performed according to a World Health Organization procedure (16) . Samples were diluted 1:3 in 0.666 ml of PBS, and 100 RI of each dilution was added to each of 8 wells of a 96-well microtiter plate (Nunc 1-67008A) with a freshly seeded HeLa cell suspension (12,000 cells per well). Plates were incubated in a 5% CO2 atmosphere at 33°C for 7 days and microscopically evaluated on days 3 and 7 postinfection. Titers were calculated according to the Reed and Muench method.
At 4 and 25°C, no significant loss (<0.1 log10) of infectivity or antigenicity of Sabin type 2 or 3 was observed over the 7-day observation period (results not shown). At 42°C, the infectivity of Sabin type 3 fell rapidly over the first 24 h of incubation and more slowly thereafter (Fig. 1A) . R 77975 reduced the loss of infectivity to about 1.5 loglo and stabilized the antigenicity almost completely. At 45°C (Fig. 1B) , the infectivity and antigenicity dropped below detection within the first 24 h in the absence and after 7 days in the presence of R 77975. MgCl2 at a concentration of 1 mM was equipotent in its effects on viral infectivity. Unfortunately, the loss of antigenicity in the presence of MgCl2 could not be assessed because of the effects of MgCl2 on virus aggregation. The rate of loss of native antigenicity in the presence of R 77975 was again much slower than the loss in infectivity. Similar results were obtained for the 5 Sabin type 2 strain (Fig. 1C and D) , except for the fact that Sabin type 2 itself was less thermolabile than Sabin type 3. Six additional compounds that exhibited reversible inhibition (Table 1) were tested for the ability to stabilize the antigenicity of the Sabin type 3 strain at 42°C for 3 days and proved not to be superior to R 77975 in their stabilizing properties (results not shown).
The observed discrepancy between the residual infectivity and antigenicity was unsuspected. Many viral particles were stabilized in their native antigenic composition by R 77975, even though they had lost their infectivity. The cause of this discrepancy between infectivity and antigenicity is the subject of further study. By its nature, this discrepancy limits the possible use of R 77975 to the stabilization of inactivated poliovirus vaccines.
